We report a very rare case of isolated multiple pulmonary arterial calcification with severe bilateral peripheral pulmonary arterial stenosis diagnosed in utero. Despite treatment with bisphosphonate for 6 months, systolic right ventricular pressure increased persistently and surpassed left ventricular pressure. After successful bilateral pulmonary arterioplasty at 13 months of age, the patient showed decreased systolic right ventricular pressure with normal interventricular septal configuration. This is the first case report for an isolated pulmonary artery calcification without other arterial calcification proven by non-contrast computed tomography of a living patient.
Introduction
Pulmonary artery (PA) calcification is unusual in children, occurring only in conjunction with severe underlying valvular disease or association with twin-to-twin transfusion syndrome (TTTS), twin reversed arterial perfusion (TRAP), 1 or idiopathic arterial calcification of infancy. We report a very rare case of isolated multiple pulmonary arterial calcification with severe bilateral peripheral pulmonary arterial stenosis diagnosed in utero.
Case A male infant was transferred to Seoul National University Children's Hospital 5 days after birth because of calcification of the main PA detected on fetal echocardiography.
His parents were not consanguineous. His mother was older than 35 years of age, but except the age, there was no risk for fetus, and she was followed up regularly. She was performed fetal echocardiogram at gestational age 27 þ 3 weeks because of polyhydramnios and PA stenosis in obstetric sonography screening. The fetal echocardiography demonstrated the bright echogenic wall of the main PA and slightly increased flow of the PA bifurcation (about 1.0 m s À1 ). Except abnormal cardiac finding in obstetric sonography screening, there was no abnormal laboratory finding. He did not show intrauterine growth retardation.
He was delivered at gestational age 38 þ 4 weeks via cesarean section without any perinatal problems. The 1-and 5-min Apgar score was 8 and 9, and his birth weight was 2.89 kg (10 to 50 percentiles). On physical examination, the patient showed grade II systolic murmur on the left upper sternal border. Vital signs were stable. Cardiac computed tomography (CT) revealed severe bilateral peripheral pulmonary stenosis. The diameter of the proximal right PA (RPA) was 3.9 mm, and that of the hilar portion of the RPA was 1.4 to 2.0 mm. The diameter of the proximal left PA (LPA) was 3.5 mm and that of the hilar portion of the LPA was 2.0 to 2.2 mm. Non-contrast cardiac CT demonstrated calcification in the lateral walls of both PAs, from the main PA to the right and left hilar portions (Figure 1 ), although the amount of calcification in the PA seen on the CT was not very impressive. We checked a series of images to detect the calcification of other arteries. The infantography, sonography of brain and abdomen, and non-contrast CT image from neck to both feet showed no other calcification shadow except the lesions in the PAs. Echocardiography revealed a mild pressure gradient between the right ventricle (RV) and branch PAs, the peak pressures gradient at the RPA and LPA was 36 mm Hg. The laboratory data, including levels of total serum and ionized calcium, phosphate, alkaline phosphatase, blood nitrogen urea, creatinine, 25(OH) vitamin D and 1,25(OH) 2 vitamin D were all within normal limits except for parathyroid hormone level, which was less than 5 pg ml À1 (normal range: 10 to 65 pg ml À1 ). The result of the fluorescence in situ hybridization (FISH) test for Williams syndrome was negative. Because the patient did not show any symptoms and a significant hemodynamic problem, initially we followed up the patient without treatment.
A follow-up echocardiogram obtained at the age of 5 months revealed that the pressure gradient at the hilar LPA had increased to 81 mm Hg and the hilar RPA was 59.9 mm Hg. However, the patient had no respiratory or cardiovascular symptoms, and his vital signs were stable.
After reviewing the literature on successful bisphosphonate treatment for generalized arterial calcification of infancy (GACI), 2 we decided to prescribe bisphosphonate instead of performing urgent pulmonary arterioplasty. When the patient was 6 months old, we prescribed disodium pamidronate at a dose of 0.25 mg kg À1 per day for 3 consecutive days every 6 weeks (half of the dose prescribed for osteoporosis). After 24 weeks (4 cycles) of treatment, we reevaluated laboratory parameters. Cardiac CT demonstrated that the diameters of the right upper PA, right lower PA and hilar portion of the LPA were 2, 1 and 2 mm, respectively; this implied that no change had occurred in the diameters of the hilar portions of either PA (Figures 2a and b) . A follow-up echocardiogram showed that the estimated systolic RV pressure was approximately 120 mm Hg, which was greater than the systolic left ventricle (LV) pressure (systolic blood pressure was 93 mm Hg), and the LV appeared squeezed (Figure 2c) .
Therefore, we performed bilateral pulmonary arterioplasty from hilum to hilum with a synthetic patch graft at 13 months of age ( Figure 3a) ; this procedure was performed without complication. After the operation, the RV over aorta pressure ratio was only 0.4. Postoperative cardiac CT revealed alleviation of stenosis in the LPA and right lower PA (Figures 3c and d ).
Echocardiogram performed 6 months after the operation showed decreased RV pressure with normalized septal configuration without a significant pressure gradient at the peripheral PA (Figure 3b) .
At 13 months after the operation, the patient had no respiratory or cardiovascular symptoms. His growth was acceptable (body weight, 10 to 25 percentile at 26 months of age), and he had reached normal developmental milestones.
Discussion
PA calcification is unusual in children. Some studies have reported PA calcification associated with TRAP, 1 TTTS, 3-5 GACI 6-12 and intrauterine hypercalcemia (possible Williams syndrome case). 13 To the best of our knowledge, no study has reported isolated PA calcification proven by non-contrast CT to date in a living patient.
Calcification of vessels in neonates can result from dystrophic, metastatic or idiopathic processes. 3 Fetal insult or injury can lead to necrosis, hemorrhage or fibrosis preceding dystrophic calcification. 1 Arterial calcification due to atherosclerosis or intravascular device in adults is an example of dystrophic calcification. Metastatic arterial calcification can result from renal insufficiency, hypervitaminosis D or hyperparathyroidism. 
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The third category is idiopathic arterial calcification of infancy, also known as GACI or idiopathic infantile arterial calcification, which is an autosomal-recessive disease, related to the ENPP1 gene. 10, 12 It is clinically fatal owing to extensive calcification of the arteries.
10,12 GACI is extremely rare; as of 2009, approximately 170 cases had been reported in the global literature. 2 However, there are some cases, such as arterial calcification due to TTTS, which do not fall into any of these three categories. 3 The present case did not perfectly fit in any of the abovementioned three categories. The patient had no evidence of fetal insult or injury and no disease status that causes metastatic arterial calcification. Furthermore, the patient had calcifications only in the pulmonary arteries, and he had no family history of arterial calcification.
We did not perform a peripheral artery biopsy. The idiopathic infantile arterial calcification generally involve the medium-or large-size arteries. 12 The biopsy of the medium or large-size arteries is not generally accepted in the situation except intraoperation or post-mortem.
10,12 Therefore, we did the whole-body CT except brain to confirm the calcification of other arteries. And the CT image showed that there was no calcification in covered area except the lesion in PAs. This is the first case report for an isolated PA calcification without other arterial calcification proven by non-contrast CT of a living patient. The present case can be a unique type of arterial calcification, or one of the rare and mild types of idiopathic infantile arterial calcification.
In this case, unlike the clinical trial of bisphosphonate in GACI, 2 bisphosphonate infusion treatment was insufficient. We could only use bisphosphonate for a short time because RV hypertension was aggravated. We could not estimate the effect of the longer use of this treatment. 12 Second, because there is no consensus regarding the dose of bisphosphonate treatment for PA calcification or for GACI, 2,10 we used disodium pamidronate at half the dose used for osteoporosis (0.25 mg kg À1 per day for 3 days every 6 weeks). This might be less than the effective dose.
It was very difficult to decide the timing of surgical treatment, because the patient had no specific cardiac symptoms or signs. We decided on reverse remodeling of the RV wall after successful alleviation of pressure loading. RV hypertension dramatically improved after bilateral pulmonary arterioplasty with patch graft, including incision and resection of the very stenotic area. If we had performed pulmonary arterioplasty Isolated pulmonary arterial calcification S Cha et al just after birth or in early infancy, we might not get sufficient reduced RV pressure.
We did a biopsy at stenotic pulmonary arterial wall in main PA during operation, after the bisphosphonate trial. The pathological finding revealed vascular wall with myxoid degeneration (clinically PA stenosis). This result might be the effect of bisphosphonate. Because the radiological evidence of calcification was enough to diagnose, we did not perform additional biopsy.
Meticulous monitoring for cardiac symptoms and signs and frequent cardiac imaging for detection of hemodynamic change were very helpful in our decision of performing surgical correction. We will follow up the patient for re-stenosis at the operation site.
In conclusion, we report the first case of isolated multiple PA calcification with severe bilateral peripheral pulmonary stenosis diagnosed in utero; this condition was successfully treated by surgical pulmonary arterioplasty without significant morbidity.
